The experimental results are compared with predicted values calculated using the NRTL and the UNIQUAC models.
INTRODUCTION

Multicomponent
mixtures consisting of perfluorocarbons and hydrocarbons change swiftly from type to type pattern over a small temperature range. Following our experimental determination of binary solubility data for some perfluoromethylcyclohexane-hydrocarbon systems (Bernardo-Gil and Soares, 1988) , this paper reports the results of measurements on liquid-liquid equilibrium for ternary and quatemary systems containing perfluoromethylcyclohexane (PFMCH), l-heptene, n-heptane and n-hexane.
Predictions of equilibrium data for these mixtures were made using NRTL and UNIQUAC perfluoromethylcyclohexane-hydrocarbon parameters obtained from binary data. Hydrocarbon-hydrocarbon parameters were calculated by correlating the ternary data. The results are compared with the experimental ones.
Materials
PFMCH (Fluka, = 98% (GC)),
-h n exane, n-heptane (p. a., Merck) and 1-heptene (Fluka, 2: 95%) were used as supplied.
Procedure
The experimental work was carried out using a thermostatted miniature cell similar to that described by Soares et al. (1974) . Temperature was measured within an accuracy of 0.01 K by means of a precision thermometer. The mixtures were stirred with a magnetic stirrer for at least 30 n-tin and allowed to settle during a 4 h period. The tie-lines were obtained by analysing the compositions of the two conjugate phases in equilibrium by means of a gas chromatograph (Pye-Unicam) connected to an integrator (Varian CDS 111).
Calibration curves were obtained by using at least 10 mixtures of known composition, for which four to six chromatograms were obtained. Four to six samples of both phases were analysed to minimize the experimental error. The observation of the results shows also whether equilibrium has been reached. Table 4 .
ANALYSIS OF RESULTS
Prediction of ternary and quaternary liquid-liquid equilibrium data was realized using the well-known NRTL and UNIQUAC models proposed by Renon and Prausnitz (1968) and by Abrams and Prausnitz (1975) B: For the PFMCH-hydrocarbon parameters the linear correlation with temperature was used. The hydrocarbon-hydrocarbon parameters were determined from the ternary data. Fig. 3 . Liquid-liquid equilibrium diagram for PFMCH-l-heptene-n-hexane at 279.15 K. Symbols as in Fig. 1. (1) Binary NRTL and UNIQUAC parameters were determined using two alternative approaches. Method A involved direct correlation of ternary data, the number of adjusted parameters varying from 1 to 6, keeping (Y,] constant (0.3 for hydrocarbon-hydrocarbon systems (Renon and Prausnitz, 1968) and the recommended values for PFMCH-hydrocarbon binaries (Bernardo-Gil and Soares, 1988) ). In method B, for the PFMCH-hydrocarbon binaries, the linear temperature dependence of parameters obtained from the correlation of binary solubility data was used; hydrocarbon-hydrocarbon parameters were calculated adjusting ternary tie-line data. Binary parameters from ternary data were calculated using the NelderMead method for the minimization of the following objective functions:
6-
with 3M > L, M being the available number of tie-lines, N the number of components and L the number of parameters. The NRTL and UNIQUAC parameters recommended for the PFMCHhydrocarbon binaries are presented in Table 5 . Table 6 shows the values of RMSDs between experimental and calculated compositions. Figures 1-6 represent the experimental and calculated tie-lines.
The experimental results were correlated in terms of NRTL and UN-IQUAC equations, which represent the binodal curves and the tie-lines correctly either for type I or type II systems.
With a slight loss of accuracy (relative to the results obtained from direct correlation of data for individual ternary systems) it is possible to obtain a set of NRTL and UNIQUAC parameters applicable to all multicomponent mixtures of PFMCH and hydrocarbons.
The overall results are better for the NRTL equation with use of recommended values of aij, although the predicted multicomponent data are strongly dependent on the selected (Y,, for the partially miscible binaries. A, B methods of correlation of ternary data (Table 6) . non-randomness NRTL parameter
